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[Patent Attorney] 
(57) [Abstract] 

[Objective] Furthermore when high performance wave 
guide type optical element , with optical waveguide for 
theespecially single mode, other optical component and 
optical coupling doing with inexpensive,the V groove 
etc where complicated positioning or other job becomes 
imnecessaiyimifying, it offers optical waveguide which 
can be produced densely it makesthe objective. 

[Constitution] Optical waveguide, surrounds core and 
said core and possesses cladding of low index of 
refraction at least in comparison with said core , 
aforementionedcladding blend of monomer or oligomer 
and rx)lyrnerization initiator which possessthe epoxy 
ring, unsaturated group and siloxanebond 
photocuring or is something which thetherrnal curing is 



ISTA's Paterra(tm), Version 1 .5 (There may be errors in the above translation. 1ST A cannot 

be held liable for any detriment from its use. WWW: http://www.intlscience.com Tel:80O430-5727) 



P.2 



JP 96327842A Machine Translation 



(a) 




done. 



(b) 



"3a 



>r 3 

.r5a 
M 



(C) 



-5a 
M 



(e) 




[9*9 2] a7t, »3T*B*»a7*y t>« 



[Gaines)] 

[Claim l] In optical waveguide which possesses claddi 
ng of low index of refraction at least surroundsthe core 
and said core and in comparison with said core , 

Aforementioned cladding blend of monomer or oligomer 
and thepolymerization initiator which possess epoxy 
ring photocuring or is something which thethermal 
airing is done and optical waveguide which densely is 
made feature. 

[Qaim 2] In optical waveguide which possesses claddi 
ng of low index of refraction at least surroundsthe core 
and said core and in comparison with said core , 

Aforementioned cladding blend of monomer or oligomer 
and thepolyrnerization initiator which possess 
unsaturated group photocuring or is something which 
thethermal curing is done and optical waveguide which 
densely is made feature. 

[Qaim 3] In optical waveguide which possesses claddi 
ng of low index of refraction at least surroundsthe core 
and said core and in comparison with said core , 

Aforementioned cladding blend of monomer or oligomer 
and therx)lyrnerization initiator which possess siloxane 
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bond photocuring or is something which ihethermal 
curing is done and optical waveguide which densely is 
made feature. 

[Claim 4] Aforementioned core below-mentioned Form 
ula (I) 

[Chemical Formula 1] 



[H#«5] JI5E3 7A<TEa (II) *fctt (Mil 
) 

[lb 2] 

it (ID 



Jt is something which consists of material which posses 
ses chemical structure which is shown and optical 
waveguide which is stated in section of theany of Claim 
1 to 3 which densely is made feature. 

[Claim 5] Aforementioned core below-mentioned Form 
ula (II) or (IB) 

[Chemical Formula 2] 




5t (HI ) 




[a*, r, . rs, ttn-*fci*jw:y. c n y 7n _ 

Y 5 (Yli**. «**tiL<l*/\Py>**1-) V 



It is a polymer which is selected from group which cons 
ists of thepolysiloxane , and these blend which are a 
copolymer of repeat unit which isdisplayed with 
polysiloxane or Formula (II) or (HI) which possesses 
[In Formula, Rj , R2 with phenyl group , 
deuteration phenyl group or halogenated phenyl group 
whichare displayed with alkyi group , deuteration alkyl 
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group or halogenated alkyl group or C6 Y5 (Y displays 
hydrogen, deuterium or halogen. )which are displayed 
with identical or different and Cn Y2 n- 1 (As for Y as 
for hydrogen, deuterium or halogen and then positive 
integer of 5 or greater is displayed ) is displayed] 
repeat unit andthe optical waveguide which is stated in 
section of any of Claim 1 to 3which densely is made 
feature. 
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[Description of the Invention] 
[0001] 

[Field of Industrial Application] Waveguide type optical e 
lement etc which forms optical device which as for this 
inventioiyt is something regarding optical waveguide in 
optical communication field and in optical computing 
field isused. 

[0002] 

[Prior Art] From until recently, waveguide type optical el 
ement of this kind as materialbeing LSI process making 
use of quartz glass and dielectric crystal Li Nb03 etc, 
as Reproduction method microfabrication was 
administered with combination of photolithography 
andthe dry etching process which are used well, high 
performance waveguide type optical element was 
produced, ( for example literature Kawachi Masao 
optical and Quantum electronics Vol.22 391 
page (1990)). 

[0003] But, with this kind of method, production proce 
ss is complicated, manufacturing equipment 
fromexpensive thing, is not suitable for mass 
production , there was a deficiency that orcannot 
produce element in inexpensive. 

[0004] In addition, producing element, because after t 
hat, precisionadjustrnent is necessary in optical coupling 
of optical fiber or other other optical component, thereis 
also a problem that is not suitable for mass production . 



[0 0 0 5] -* % *V«atttt*L »»^»8*ffl 

Sfi #ttfl!j Electronics Letter 
s 27^1 34 (19 9 1*) ) . ti^X 

mmt m»#9mnftSLikv\t&tii 1 art c 
^>y»a^»a<tct»ofc«). tmrnzitsmx 
^ysattt«6ai^t^*ja*<**. 



[0005] On one hand, also producing waveguide element 
from making use of inexpensive matenal andthe 
polymeric material is done, but ( literature Imamura 
other electronic s Letters Vol.27 1342 page (1991)), 
with waveguide production method which is similar to 
the glass waveguide it is necessary to repeat same 
patterning step every substrate one layer, etching 
equipmentbecause of expensive thing or other, there is a 
deficiency that material with theelement construction 
cost which is similar to glass waveguide is required even 
with theinexpensive and does not become with 
inexpensive. 
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[0006] In addition, producing element in same way as pr 
oduction method aheadLbecause after that, precision 
adjustment is necessary in theoptical coupling of optical 
fiber or other other optical component, there is also a 
problem that is notsuitable for mass production . 

[0007] With object which cancels deficiency in conventi 
onaJ production method, also methodwhich produces 
polymer waveguide with polymer molding method 
which is suited for injection molding or other mass 
productionwith copying mold is proposed process 
cost is lowered according to this production method, in 
comparison with past, or complexity of optical coupling 
it is possible to avoid But, when above-mentioned 
production method is applied to production of thesingle 
mode waveguide where fabrication precision of several 

m order is necessary, there was a deficiencywhich 
cannot actualize waveguide which possesses sufficient 
optical property. This is thought that it originates in 
after mold dimension and theformation which are used 
mainly when forming copying dimension of thepolymer 
(Below , polymer molded article you call) differing 
largely. 

[0008] In addition, polymer waveguide unifying V groov 
e which makes optical coupling easymaking use of mold 
which it produces on basis of V grooveprocessing, in Si 
substrate with this molding method , also method which 
itproduces is proposed It is possible to lower cost 
which relates to waveguide element accordingto this 
production method, with connection with optical fiber 
as simple. But, because with connection with especially 
single mode waveguide and single mode optical fiberthe 
positioning precision below several m order is 
necessary, as for waveguide whichpossesses low 
bonding loss in fully there was a deficiency which 
cannot beproduced It is thought that it originates in 
copying dimension of mold dimension andthe polymer 
molded article which this are used mainly when forming 
differing largely. 

[0009] 

[Problems to be Solved by the Invention] As for this inv 
ention being something which can be made in order to 
solvethe above-mentioned deficiency, purpose 
furthermore when high performance waveguide 
typeoptical element , with optical waveguide for 
especially single mode, other optical component andthe 
optical coupling doing with inexpensive, V groove etc 
where complicated positioning or otherjob becomes 
unnecessary unifying, is to offer optical waveguide 
which can beproduced 

[0010] 

[Means to Solve the Problems] Regarding to this inventio 
n, you explain simply concerning factor inorder to solve 
above-mentioned problem. 
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[001 1] (1) Large scale equipment is not used regarding 
waveguide preparation process which produces element, 
process method which is suited for mass production it 
uses, Cost is low (2) material, it uses polymeric material 
whose processing is easy as thecladding processing 
being easy as (3) core, furthermore when low lossthe 
polymeric material is used for optical, (4) waveguide 
being produced, you canlist fact that etc job for optical 
coupling after producing is simplifiedas much as 
possible making use of mold which considers 
posinoningof optical fiber or other other optical 
component. 

[0012] With optical waveguide of this invention, wavegu 
ide is produced densely has madebasis with molding and 
fabrication which copies pattern of mold which is 
aprocess method which is suited for mass production 
making use of polymeric material which is a inexpensive 
materia]. In this case as for problem when forming 
there is a point that thecopying dimension difference of 
mold dimension and polymer molded article which are 
used is large. This with for example injection molding 
etc polymer in order to form applies verylarge pressure 
under high temperature and forms, Because method that 
is taken, after that is cooled to theroom temperature, 
when it compares to glass etc, thermal expansion 
coefficient with one order or more large polymeric 
material when forming as for making copying dimension 
difference of mold dimensionand polymer molded article 
which are used small is difficult, is many densely. 

[0013] Then, in order to achieve above-mentioned object 
ive, inventionwhich is stated in Claim 1, surrounds core 
and said core andthe aforementioned cladding blend of 
monomer or oligomer and thepolyrnerization initiator 
which possess epoxy ring photocuring or is something 
which thethermal curing is done in optical waveguide 
which possesses cladding of low index of refraction 
atleast in comparison with said core , densely makes 
feature. 

[0014] Invention which is stated in Claim 2, surrounds 
core andthe said core and aforementioned cladding 
blend of monomer or theoligomer and polymerization 
initiator which possess unsaturated group photocuring 
or is somethingwhich thermal curing is done in optica] 
waveguide which possesses cladding of thelow index of 
refraction at least in comparison with said core , densely 
makes feature. 

[0015] Invention which is stated in Claim 3, surrounds 
core andthe said core and aforementioned cladding 
blend of monomer or theoligomer and polymerization 
initiator which possess siloxane bond photocuring or is 
somethingwhich thermal curing is done in optical 
waveguide which possesses cladding of thelow index of 
refraction at least in comparison with said core , densely 
makes feature. 
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[0016] H*g 4 tt&omm. imm i ~ 3 (D [0016] As for invention which is stated in Claim 4, in op 

l^?tifrO)m\zt1Wi<Dft&&W-ti t>T % MB=i Ttf tical waveguide vvhichis stated in section of any of 

TSSxt ( I ) Claim 1 to 3, aforementionedcore below-mentioned 

Formula (I) 

[0 0 17] [0017] 

lit 3] [Chemical Formula 3] 



am 



CD, 



cc 



CO 
0 



CD 3 
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[00 1 8] It is something which consists of material which 
possesses chemical structurewhich is shown, densely it 
makes feature. 

[00 1 9] As for invention which is stated in Claim 5, in op 
tical waveguide whichis stated in section of any of 
Claim 1 to 3, aforementionedcore below-mentioned 
Formula (n)or(IH) 

[0020] 

[Chemical Formula 4] 




R 2 



SC (HI ) 

R 2 



[002 1 ] [3**. R|, , R2 l*S-*fcJ4R<fy 
* C n Y 2n-1 (YI**K, l*ItL<li/ND^ 



[002 1 ] It is a polymer which is selected from group whi 
ch consists of thepolysiloxane , and these blend which 
are a copolymer of repeat unit which isdisplayed with 
polysUoxane or Formula (II) or (IH) which possesses 
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[In Formula, Ri , R2 with phenyl group , 
deuteration phenyl group or halogenated phenyl group 
whichare displayed with alkyi group , deuteration alkyl 
group or halogenated alkyl group or C6 Y5 (Y displays 
hydrogen, deuterium or halogen. )which are displayed 
with identical or different and Cn Y2 n- 1 (As for Y as 
for hydrogen, deuterium or halogen and then positive 
integer of 5 or greater is displayed ) is displayed] 
repeat unit,densely it makes feature. 

[0022] 

[Work or Operations of the Invention] With optical wave 
guide of this invention, it hardens with light or heat, does 
notapply large pressure and also structure has epoxy 
ring , the unsaturated group and silicone etc making 
use of polymeric material of type where thecopying 
replica of mold is acquired simply, has made 
structure where cure shrinkage is little. In addition, that 
much high temperature is not needed even with when 
heat isapplied on material. Because of this, when 
forming copying dimension difference of mold 
dimension and thepolymer molded article which are used 
can be made as small as possible. In order deuteration 
PMMA (polymethylmethacrylate) or to use silicone 
material as polymeric material which is used forthe core, 
low loss or other high performance wave conduction 
characteristic is acquired with near infrared region. 

[0023] Furthermore, because waveguide and V groove e 
tc in order to do theoptical fiber it can produce simply 
with one body, with this invention bydevising structure 
of mold which is used it can make optical coupling ofthe 
waveguide and optical fiber precision good to simple. 

[0024] 

[Working Example(s)] Below, referring to Figure 1 (a) t 
o (e), outline you explain one example of themethod 
which produces optical waveguide of this invention. 

[0025] As shown in (a) of Figure 1, paint layer 2 is prov 
ided on substrate 1 which is processed in desired shape 
with spin coating and dipping or other means . It 
shows fluidity with room temperature as material which 
forms this paint layer 2,at same time, it can harden with 
late mentioned for example illumination, etcfiirthermore 
it can use monomer or oligomer which possesses 
theproperty where cure shrinkage is small relatively. 

[0026] As next, shown in (b), on paint layer 2, type 3 f 
or theformation which possesses lengthwise raised part 
3a of desired geometry it suffers. This type 3 with this 
working example is formed from material 
whichtransmits wavelength light (ultraviolet light) which 
is utilized in order to harden theabove-mentioned paint 
layer 2 at least. Irradiating optical 4 of above-mentioned 
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[0 0 3 3] 

a (iv) . 



transmitted wavelength from theupward direction of this 
type 3, hardening paint layer 2, it forms cured film 
Sawhich is a resin replica of type 3. This cured film 5a 
becomes bottom cladding of optical waveguide of 
objective. Furthermore , replacing hardening paint 
layer 2, to illinrrinanori^vith specified temperature it is 
possible to do with thermosetting . 

[0027] When next, type 3 is removed, groove of shape 
and the dimension which also lengthwise raised part 3a 
of type 3 correspond exposes in theupper part of cured 
film 5a. As shown in (c), polymeric material solution 6 
which possesses high index of refraction ^comparison 
with index of refraction of above-mentioned cured film 
5a is poured in inthis groove. 

[0028] Way next, it shows in (d), when among resin re 
plica, there is a surplusportion which protrudes from 
above-mentioned groove on cured film 5a,afler solvent 
drying, surplus portion 7 is removed with dry etching 
etc, thecore 8 is produced in above-mentioned groove. 
Furthermore , replacing to dry etching, you can use 
polishing , the blade or wet etching or other technology 
to removal of surplus portion 7. 

[0029] As next, shown in (e), coating fabric it does mate 
rial which issirrrilar to above-mentioned cured film 5a on 
cured film 5a and core 8, the photocuring does and it 
forms cured film 5b which becomes upper part cladding, 
it obtainsthe waveguide element 9 which consists of 
cladding 5 which includes core 8 and the bottom 
cladding 5a and upper part cladding 5b. 

[0030] Below, listing concrete example, you explain this 
invention in detail. 

[003 1] (Working Example 1) Referring to (a) to (g) of 
Figure 2, you explain one example of themethod which 
produces optical waveguide of this inventioa 

[0032] First, as shown in (a), substrate 2 1 was prepare 
d, epoxy UV monomer (viscosity 1000 cp) 
whichpossesses chemical structure which is shown in 
below-mentioned Formula (TV) withthe spin coating 
method coating fabric was done on this, paint layer 22 
was formed. 

[0033] 

[Chemical Formula 5] 



\ o / — 



-o-ch-ch 2 



[003 4] -?5. (b) 1=3***91::* «7jfm. 



[0034] On one hand, as shown in (b), you prepared mol 
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d 24 of glasswhich possesses raised part 24a of width 7 
m , height 7 m and length 50 mm, asshown this 
in (c), you put on paint layer 22, through mold 24, 
youexposed making use of UV light source 25, 
photocuring did paint layer 22,acquired bottom 
cladding 23a of optical waveguide of objective (n=l .47 
and wavelength 1.31 m ). In this case, it hardens 
UV resin which forms paint layer 22 alongside themold 
shape, slot of shape which corresponds to raised part 
24a of the mold 24 is formed 

[0035] As next, shown in (d), polymeric material sohitio 
n 26 (As for construction below-mentioned Formula (I) 
reference, index of refection n=l .48 and wavelength 1 . 
31 m) which becomes core waspoured in in groove. 



[0036] [0036] 
[ it 6 ] [Chemical Formula 6] 

SC ( I ) 



CD 3 

-J. 1 X 

-* CD *-f75- 

CO 

o 

I 

CD 3 



[003 7] (e) iZ^t^OiZ. 

2 6(Di§&£9 0°C-ri3 0tt$S*|&, B*#XIZJ:4 

®M2 8£&£Ltz 0 zommz&v. (f) \ZTTt? 

&OlZ s i»i:|g7/im, H^7//m0)il729 
$tt«-e#fc (n = 1. 48,»fi1. 3 1 vm) . 



[003 8] (g) \Z7r,t£5\Z. Zl729fc 

*tfT»^7^K2 3a©±l:, »tfl!t?*ySUV 

*LT««»2 0 0St*a5[Lfc. LD*3I (»« 1 . 

»»»*l*0. 1 d B/cm-Cfcofc. 

[0039] (Hffiffl 2 ) ^77 Ktm<D±J*#£ L 
TTIHxC (Va) *fcl* (Vb) Iz^-Tft^fliao^fifa 

»**+6*/-7SfflL\ *>0. StJfiffll tm-<DZ} 

• gW(03fe»»K (>77HWnn1. 4 7. zi 
7HWn=1. 48. 3 7fi7//m, S?7|/m) 
*ft«LfcfcC5. »«B»*l*0. 1dB/cmf 



[0037] As next, shown in (e), solvent of polymer soluti 
on 26 with 90 °C after3 0 rrrin drying, with oxygen gas 
with dry etching 27, protrusion is surplusportion 28 was 
removed from above-mentioned groove. With this 
operation, as shown in (f), could produce core 29 ofthe 
width 7 m and height 7 m on only inside of 
groove (n=l .48 and wavelength 1.31 m ). 

[0038] As next, shown in (g), coating fabric making epo 
xy UV monomer on the core 29 and bottom cladding 23a, 
again, hardening and forming upper part cladding 23b 
itproduced waveguide 200. When waveguide loss was 
measured making use of LD light source (wavelength 1 . 
3 1 m), waveguide loss wasthe 0. 1 dB/cm 

[0039] (Working Example 2) Below-mentioned formula 
(Va) or making use of monomer which possessesthe 
unsaturated group of chemical structure which is shown 
in (Vb) as main component of claddingcharge, at same 
time, as Working Example 1 other than using samecore 
material, when optical waveguide ( cladding index of 
refraction n=l .47, core index of refraction n=l .48, 
core width 7 m and height 7 m ) of objective is 
produced with operationof being similar to Working 
Example 1, waveguide loss was 0. 1 dB/cm 
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[0040] [0040] 
[it 7] [Chemical Formula 7] 



it (Va) 



CH 3 
CH 2 = C 



(Vb) 



CH 3 

I 

CH 2 = C 



CO 
CP 

,1 



[004 1] (Htfi«3) ^7'VK88(Difit^a 
(Via ) . (Vlb ) . (Vic ) \z^tit¥® 

aT^«<h LTTIB^ (II) , (III ) iZTfi+il^m 
JS0>tt»*fflL^fcfil»l4, USSffli <t|5j«a>8fEi::<*: 

7ift*n=1. 5 3. D7^7 // nru I^7//m) 
9%BtR^I4 0. 1 dB/cm ( 
3/*m) s 0. 5dB/cm 1 . 5 5 



[0042] 



[0041] (Working Example 3) Making use of oligomer w 
hich possesses siloxane bond of chemical structure 
whichis shown in below-mentioned Formula (Via) , 
(VIb),(VIc) as main component of cladding charge, 
atthe same time, other than using material of chemical 
structure which is shownin below-mentioned Formula 
(D) ,(DI) as core material, when optical waveguide ( 
cladding index of refraction n=l .52, core index of 
refraction 11=1.53, core width 7 m and height 7 
m) of theobjective is produced with operation of 
being similar to Working Example 1 , waveguide loss 
was 0. 1 dB/cm (wavelength 1 .3 m) and 0.5 dB/cm 
(wavelength 3.55 m). 



[0042] 
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. [its] 

it (Via ) 



[Chemical Formula 8] 




it (Ylb ) 




it (Vic ) 




[0043] (H»J4~6) S1 IZTT.LtztmZzi 



[004 4] 



[0043] (Working Example 4 to 6) Other than using mate 
rial which is shown in Table 1 , as core componentand 
cladding component it produced optical waveguide of 
object with operation ofbeing similar to Working 
Example 1 , measured waveguide loss value, showed 
inthe Table 1 . 

[0044] 
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[Table I] 





3 7i«» 




fgfcg ().3Un) 


A 


sen. in 


aiv 


0.2 dB/cm 


5 


an. in 


aVa.Vb 


0. 15dB/cm 


6 


ai 


aiv 


0. 2 dB/co 



[0045] (*tfi«7) 030) (a) - (i) £# 



[0046] (a) IC^?** St530$ 

S3 1 5Mlf: 0 i 

[00 4 7] -£> (b) lZ^r<^ 5^^T^7s^S3 

ffiV¥»tta)eiSB3 3 (F*1£ft6 Oft, 1 5 0 u 
m, fi170//m, ££2 Omm) fc % ZCDAgtf 3 3 

Ojlm. fi1 O/im, Ij40mm) J^t l)t(/)T' 



[00 4 8] (c) iCTF-f £5!^ *f^X&^ 

3 2*i*i3Ul:*^ *7X4I3 2S*LT 
UV*ffi3 m^m3 1 £*flMb£-B\ T 

ffl$7? K£LT<D8HtK3 6 (n = 1. 4 7, ;M 
1.31 |/m) S^jSLfco C<DB* StS3 1 I** 
Sfl&ttlcjfloTHflsU (d) ICS* J: 5 
ti3 2<7>£iSiJ3 31:^16* *>V;»« <BH£ft6 0S 
. ig£ 1 5 O/im. ££2 Omm) 3 7. £i« 3 4 IC 
»(6-r4tt5ll» 1 O^m. *S1 0//m, ££4 

Omm) 3 8#a*bH3 6(D«ffi±lCfi*J«$tlfc, Z 

tibv«^3 7<t$a?g^3 8ti*aau-c«fiE**ir 



[004 9] »|c % (e) iz^-f £51^ 8MbK3 6 

±a>a^3 8iz±^a)^ (i ) ic^-rib^*sit^^ 
f 637»#^*t»*a3 9*aLa^£. 

**>V3l«3 7lCtt. £S3 2<DV?ff*tflfbSi<t(s]*$ 
(Di&*$)to4S3 00S»ALtJ3t*, ZMt. 
mm® 3 8<taiiLfrVigglJ3 7l:arB»f«8iS 
«3 9tfA&**5ic*«fctfn?fc*. 



[0 0 5 0] (f) (Z^-Tcfc 3 7l»f 

m*S8*3 9<D;8iIftttffc. $i3aJ3 8frbl**tfcL 
fc*i»»3 0i * K5-f x^^>yic*y»*Lfc 

o c©»fti=j:y. (g) ic^t* zira^o) 



[0045] (Working Example 7) Referring to (a) to (i) of F 
igure 3, among optical waveguide of this invention,you 
explain one example of method which produces 
waveguide of the V groove attaching. 

[0046] First, as shown in (a), substrate 30 was prepare 
d, epoxy UV monomer was letflow on this, paint layer 
31 was formed 

[0047] Kind of glass mold 32 which on one hand, is sho 
wn in (b) was prepared This glass mold 32, in 
underside raised part 33 of cross section V-shape ( open 
angle 60 degrees, height 150 m, width 170 m 
and length 20 mm ) with, continuing inthis raised part 
33, is something which possesses raised part 34 ( height 
10 m, width 10 m and length 40 mm ) of cross 
section rectanglewhich was formed 

[0048] As next, shown in (c), it put glass mold 32 on p 
aint layer 3 1 , through the glass mold 32, it exposed with 
UV light source 35, photocuring did the paint layer 3 1 , 
it formed cured film 36 (n=l .47 and wavelength 1.31 

m) as bottom cladding. In this case, it hardened 
paint layer 3 1 alongside mold shape, as shown inthe (d), 
V groove section ( open angle 6 0 degrees , height 1 50 

m and length 20 mm ) 37 which corresponds to 
raised part 33 ofthe glass mold 32, narrow groove part 
(depth 10 m, width 10 m and length 40 mm) 
38 which corresponds to raised part 34 wasformed on 
surface of cured film 36. Connecting with these V 
groove section 37 and narrow groove part 38, it is 
formed 

[0049] As next, shown in (e), core polymeric material so 
lution 39 which possesses chemical structure which 
inthe narrow groove part 38 on cured film 36 is shown 
in above-mentioned Formula (I) waspoured in. Inthis . 
case, beforehand, mold 300 which has shape which 
issirrdlar to V-shape raised part of mold 32 was inserted 
in V groove section37 . This is because core polymeric 
material solution 39 that tries does not enter into V 
groovesection 37 which is connected with narrow 
groove part 38. 

[0050] As next, shown in (f), after solvent drying of co 
re polymeric material solution 39, protrusion isthe 
surplus portion 301 was removed from narrow groove 
part 38 with dry etching . With this operation, as shown 
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9*>. *H«»3 0 1 A<R*$*U V;f&g{S3 7lZ*}L 
Xikm^^>ittMzmm^3 8^\Zzi730 2 (fil 



[005 1 ] (h) IC^-T^ 51^. =17302 

K303^BU B»0>V»tt*aB3O4£fMi 
Lfco -e#fcS;*RS§3 0 4<7>rtfi£ (03 ( i ) ) iz 

SSSfcteO. 1dB/cmt'feof: 0 



[0 0 5 2] ±E*Stfi«-CI*. 3feflMb»£ffll*T* 



[00 5 3] 

. *5^Ktmb«iia>*fti^*«>*t»-c»jaLfc 
« tor * $ < t 4 - £ *<t* £ 4 s»B»ffca>/h 



[0054] tt z% ftyyf'mzmmt&tztibom 

4o 



in (g), among core portion, surplusportion 301 was 
removed, formed core 302 ( width 10 m and height 
10 m) inside narrow groove part 38 which 
thepositioning is done vis-a-vis V groove section 37. 

[005 1 ] As next, shown in (h), it put epoxy UV monomer 
on cured film 36 as core 302and bottom cladding, 
again, photocuring did and produced upper part 
cladding 303, producedthe V groove attaching 
waveguide 304 of objective, external appearance of 
waveguide 304 which it is possible is shown in ( Figure 
3 (i)). optical fiber was locked in this V groove section 
37, when waveguide loss wasmeasured making use of 
LD light source (wavelength 1.31 m), as for 
connection loss of fiberas for 0.2 dB and waveguide 
loss it was a 0.1 dB/cra 

[0052] It can do similar production by it is possible to p 
olymerizingproduction example of optical waveguide of 
this invention was shown with theabove-mentioned each 
Working Example, making use of photocuring agent but, 
due to heat,in that case types of polymerization initiator 
changes. In addition, V groove was used as groove 
which inserts optical fiberin Working Example 7 it is 
not necessary, but if it is a shape which caninsert 
optical fiber, a V groove to be. 

[0053] 

[Effects of the Invention] As above explained, according 
to this invention, because cladding wasformed with 
specific material where cure shrinkage is little, because 
thecopying dimension difference of dimension and mold 
dimension after formation hardeningquite can be made 
small, small high performance optical waveguide of 
waveguide loss can beacquired 

[0054] In addition, because with slot attaching waveguid 
e which formed theslot in order to lock optical fiber etc 
as one unit, waveguide and theslot can be formed 
precision well, optical fiber etc which is locked inthe 
slot and optical waveguide simply it possesses effect 
which optical couplingit is possible with low loss. 



[H1] (a) ~ (e) it. **i?il*SHa>**X 

Ba>-SMfi«$ft»-rs»^a>«xst*-r«ffiHr* 

&4<> 

[02] (a) - (g) It, t*L-ftL**M0)*ai» 

ox. (a) <t>) ~ u> 

[S3] (a) ~ (i) I*. t*i^*l**eB(Z>*SJ» 



[Brief Explanation of the Drawing(s)] 

[Figure 1] (A) To (e) is sectional view which shows eac 
h step when one Working Example of theoptical 
waveguide of respective this invention is produced 

[Figure 2] (A) As for to (g), in figure which shows each 
step when otherWorking Example of optical waveguide 
of respective this invention is produced, as for (a)vvith 
sectional view , as for (b) to (g) it is a oblique view. 

[Figure 3] (A) As for to (i), in figure which shows each 
step wherifurthermore other Working Example (V 
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so&xmz^tmT'&iT , (a) fcj:i; (c) - 

(e) liKffiHT'fcy. (b) (f) ~ (i) 

4 %Mtfc*l*li&MI 

5 O^v K 

5 a T^7 7 K (flHbH) 1 

5 b K (B1bH) I 

6 ^77 K*yi»*tf»l«»*«»SiS 

7 ;l»^bl*^li5Lfc**]a» 

8 37 

2 i as 

2 2 l*+i/gU V^E/T^bftSafliH 

2 3 *XBO)9 7?h1 

23 a T«^5^K| 

23 b ±ffl^^vKl 

2 4 #^X14*S| 

2 4a dbSU 

2 5 UV5t3S 

2 6 ar&ttfi>5mm0** 

2 7 MRjfcKJlft K5-f X**2/* 

2 8 &$ias# 

2 9 =17 

3 0 Sffi 

3 1 i*+vSuvt/7^b64^ftB 



groove attaching waveguide ) of optical waveguide of 
respective this invention isproduced, (a) and as for (c) 
to (e) with sectional view , (b) and as for the(f) to (i) it 
is a oblique view. 

[Explanation of Reference Signs in Drawings] 

It was processed in l desired geometry substrate 

It consists of monomer or oligomer which shows fruidit 
ywiththe2 room temperature paint layer 

It possesses 3 desired geometry type 

4 illumination or heating 

5 cladding 

5a bottom cladding (aired film) 

5b upper part cladding (cured film) 

Index of refraction is higher than 6 cladding rxdyrneric 
material solution 

Protrusion it is from 7 groove surplus portion 
8 core 

It consists of 9 core cladding waveguide element 
21 substrate 

It consists of 22 epoxy UV monomer paint layer 
Gadding of 23 waveguide 
23a bottom cladding 
23b upper part cladding 

24 glass mold 
24a projection 

25 UV light source 

Becomes 26 core solution of polymeric material which 
With 27 oxygen gas dry etching 

28 surplus portion 

29 core 

30 substrate 

It consists of 3 1 epoxy UV monomer paint layer 
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.32 #7**12 
3 3 V?MM 

3 4 m~M® 

3 5 UVittffi 

3 6 T«*5*K («ftR) 

3 7 VM 

3 8 

3 9 r3 7^^^«*4i§«l 

2 0 0 

3 00 V¥fl3ttdbtt£fcO*S 
30 1 

3 0 2 137 

303 ±«£^?KI 

3 04 V»tt«XBI 



32 glass mold 

33 V-shape projection 

34 narrow groove part 

35 UV light source 

36 bottom cladding (cured film) 

37 V groove section 

38 narrow groove part 

39 core polymeric material solution 
200 waveguide 

It has 300 V-shape projection mold 

301 surplus portion 

302 core 

303 upper part cladding 

304 V groove attaching waveguide 



(a) 



[Figure 1] 



(b) 



Sa 



sSa 



(C) 



6 

5a 



(d) 



(e) 
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[0 2] [Figure 2] 




(e) (f) 




(g) 
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